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Introduction
The goal of this project is to build and use an inexpensive 3D
laser scanner to create 3D models of interior spaces both
indoors and outdoors. Light detection and ranging, or
LiDAR, technology uses lasers and time to create point
clouds. Point clouds are sets of 3D locations on the
surrounding surfaces that can be used for high-precision
modeling and mapping. We constructed a small and
inexpensive 3D LiDAR system and used it to scan and map a
variety of areas including the interiors of caves. We used the
resulting point clouds to create accurate maps of the
scanned areas. The model presented here is of the “ball
room” in Cascade Cave located at Carter Caves State Resort
Park in eastern Kentucky.
Sydney Winters 
Dr. Timothy Hare, Mentor, Dept. of Sociology, Social Work, & Criminology, 
Caudill College of Arts, Humanities and Social Sciences 
References
Gallay, M., Kanuk, J., Hochmuth, Z., Meneely, J., Hofierka, J., & Sedlak, V.
(2015). Large-scale and high-resolution 3-D cave mapping by terrestrial laser
scanning: A case study of the Domica Cave, Slovakia. International Journal of
Speleology, 44(3), 277.
CloudCompare (Version 2.9.1 [Windows 64-bit]). (n.d.). Retrieved from
https://www.danielgm.net/cc/
MeshLab: an open-source mesh processing tool. P.Cignoni, M. Dellepiane, F.
Ganovelli, G. Ranzuglia Proceedings of the 2008 Eurographics Italian Chapter
Conference, pp.129-136.
Scanner Construction
The scanner is composed of a raspberry pi, power bank,
small LiDAR sensor, and a 3D-printed casing. The 3D printed
case made of two primary pieces. The 3D-printing materials
pose the biggest challenge. The material is too weak for
intense use resulting in frequent reprinting and
modification. We also printed multiple tops due to
inconsistencies in the 3D printing process.
Methods
The cleaned and joined point clouds were processed in MeshLab through a series of steps.
The first step is to run the ball pivoting surface reconstruction tool to transform the points
into small triangulated surfaces. The second step is to calculate the normal for the point
set. The third step is to run the Poisson surface reconstruction tool. This tool uses the
normal and triangles to create a detailed, smooth interior model.
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Conclusion
For this project, we built an inexpensive 3D laser scanner
using a raspberry pi, power bank, inexpensive LiDAR sensor
and 3D printing. We used this scanner to collect 3D data in
the form of point clouds of interior areas, such as caves.
These data, in the form of point clouds, were processed into
three dimensional models. These models can be used to
study the cave by transformation into a wide variety of
visualizations and maps of the scanned environments.
The project goal is to improve the reliability of the scanner
and streamline the process so that larger and more complex
interior spaces can be mapped. Specifically, we intend to
create an interactive walkthrough map of the cave system.
This will allow Carter Caves State Park to study the cave and
advertise cave trips as well as conduct remote tours of the
cave.
Products
The final electronic model can be used to create a wide variety of visualizations and
mapping renderings of the interior space or cave. For instance, cross sections of the cave
can be generated to better display the shapes of specific cave sections along different axes
or create a 2D map of the entire cave system.
Data Processing
We used the software applications CloudCompare and
MeshLab to process the data. CloudCompare is useful for
merging and cleaning point clouds. Many erroneous points
are created in the scanning process that must be manually
removed. In addition, caves have irregular surfaces which
makes alignment of multiple point clouds challenging. The electronic files can also be used to create detailed models of the inside of the cave for
visualization or 3D animations. In addition, different shading techniques can be used to
highlight different characteristics of the cave shape and surfaces.
Pictures of the 3D scanner we built.
All the scans merged and cleaned before processing into a mesh. A section of the cave mesh with Radiance scaling shader. A section of the cave with Minneart reflection shader.
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A cross section of part of the cave. A outline of the cave. 
The complete mesh of all scans of the cave.
